Abstract. Spatial localization and azimuthal wave numbers m of poloidal Alfvén waves generated by energetic particles in the magnetosphere are studied in the paper. There are two factors that cause the wave localization across magnetic shells. First, the instability growth rate is proportional to the distribution function of the energetic particles, hence waves must be predominantly generated on magnetic shells where the particles are located. Second, the frequency of the generated poloidal wave must coincide with the poloidal eigenfrequency, which is a function of the radial coordinate. The combined impact of these two factors also determines the azimuthal wave number of the generated oscillations. The beams with energies about 10 keV and 150 keV are considered. As a result, the waves are shown to be strongly localized across magnetic shells; for the most often observed second longitudinal harmonic of poloidal Alfvén wave (N =2), the localization region is about one Earth radius across the magnetic shells. It is shown that the drift-bounce resonance condition does not select the m value for this harmonic. For 10 keV particles (most often involved in the explanation of poloidal pulsations), the azimuthal wave number was shown to be determined with a rather low accuracy, −100<m<0. The 150 keV particles provide a little better but still a poor determination of this value, −90<m<−70. For the fundamental harmonic (N =1), the azimuthal wave number is determined with a better accuracy, but both of these numbers are too small (if the waves are generated by 150 keV particles), or the waves are generated on magnetic shells (in 10 keV case) which are too far away. The calculated values of γ /ω are not large enough to overcome the damping on the ionosphere. All these have cast some suspicion on the possibility of the drift-bounce instability to generate poloidal pulsations in the magnetosphere.
Introduction
The paper is devoted to studying drift-bounce instability which is suggested as a generation mechanism of azimuthally small-scale, ultra-low frequency waves in the magnetosphere (azimuthal wave numbers m 1). These waves are represented by poloidally polarized pulsations Pc4 and giant pulsations Pg (Takahashi, 1988 (Takahashi, , 1996 . Drift-bounce instability takes place in the presence of inverted energetic particle populations, i.e. ∂f/∂ >0, where f is the distribution function and is the energy of the particle. Such particle populations associated with high-m pulsations, are often observed in the magnetosphere (Hughes et al., 1978 (Hughes et al., , 1979 Wright et al., 2001; Baddeley et al., 2002) . It is assumed that inverted populations emerge as a result of substorm injections (Karpman et al., 1977; Glassmeier et al., 1999) .
The features of observed ULF oscillations are probably determined by their sources, in this case by unstable proton populations. As observations show, these oscillations usually have negative azimuthal wave numbers, m<0, that is, they propagate in the direction of the positive ion drift. Though they are strongly localized across the magnetic shells in the region about 1 R E wide (Takahashi, 1988 (Takahashi, , 1996 , these waves are usually rather broadly distributed in the azimuthal coordinate (Engebretson et al., 1992) . In this paper an attempt is taken to find out how the features of unstable proton populations influence these principal features of observed poloidally-polarized pulsations.
The particles can effectively interact with ULF waves, provided that the condition of drift-bounce resonance,
is satisfied. Here K is an integer, ω b is the bounce frequency, andω d is a bounce averaged drift frequency. argued that in the case of a mode, highly asymmetric with respect to equator, this resonance condition must be generalized, allowing for non-integer K. These asymmetric modes can exist when the conductances of the Northern and Southern Hemispheres are strongly different. This statement caused some debate (Mann and Chisham, 2000; Glassmeier, 2000) , but we are not going to consider the asymmetric modes and will use the resonance condition in Eq.
(1) with integer K.
The bounce and drift frequencies both depend on the energy of the particle. If the unstable distribution is observed, it is possible to infer the energy of the particles presumably generating the simultaneously observed poloidal high−m wave. Knowing , it is possible to calculate ω b and ω d and, after substituting them into Eq. (1), to calculate the azimuthal wave number,
Then, it is possible to compare this number with the really measured m value. The comparison usually gives good agreement Wright et al., 2001; Baddeley et al., 2002) . It should be noted that in writing the observed value as m± m, the error m is usually attributed to the measurement rather than to the nature of the waves, tacitly implying that the real m number of the wave has a well-defined value.
It should be mentioned, however, that the resonance condition Eq. (1) is important only as a part of the growth rate expression,
where . . . means averaging over the whole velocity space with some weight (see Sect. 2.1). The line of the argumentation described above is valid only in the case when the growth rate γ has a very steep and narrow dependence on m. In the opposite case, the instability does not select any particular m value, and the whole logic comparising the drift-bounce resonance theory with the experiments fails. To elucidate this issue, it is necessary to perform the integration over the velocity space and to calculate the growth rate as a function of the azimuthal wave number. One of the tasks of this paper is such an integration.
Moreover, according to expression Eq. (2), γ is a function of the wave frequency ω. However, for the poloidally polarized wave, the wave frequency coincides with the poloidal eigenfrequency P , which depends on the radial coordinate L. Thus, the condition of instability can be satisfied only for a certain L value. Hence, the following questions arise: How strong is the dependence of the growth rate on m and L for the given distribution function? In particular, how sharply are the poloidal Alfvén waves generated by the instability localized across magnetic shells? And what values of the azimuthal wave numbers m can these poloidal Alfvén waves have?
Basic equations

Input equations
A general expression of the drift-bounce instability growth rate was obtained in a number of papers (e.g. Southwood et al., 1969; Karpman et al., 1977; Chen and Hasegawa, 1988) . When the energetic particles are represented by protons, the expression for the growth rate is as follows:
Here K is an integer, M, q, and µ=v 2 ⊥ /2B 0 are the mass, charge, energy and the magnetic moment of a proton, v ⊥ , v are the transverse and the longitudinal components of the particle velocity, R E is the Earth radius, B 0 =B E L −3 is the equatorial magnetic field value, L is the McIlwain parameter; B E is the magnetic field on the Earth's surface, ω is the Alfvén wave frequency, N is the longitudinal harmonic number, ω * is the diamagnetic drift frequency, ω b is the bounce frequency; ω d is the drift frequency,ω d is the bounce averaged drift frequency, f ( , µ, L) is the distribution function of energetic particles, J 0 =J 0 (k ⊥ v ⊥ /ω c ) is a zero order Bessel function, ω c is the gyrofrequency, dl is the length element along the field line, a, b are points of particle reflection, m is the azimuthal wave number, k ⊥ =m/ √ g 2 is the wave vector transverse component, g i are metric tensor components, the function F N describes the longitudinal structure of the Alfvén wave. Later on we will not take into account finite Larmor radius effects, so J 0 1. Let us introduce a new variable ξ ≡sinα, where α is the pitch angle. The argument of the delta-function can be written as
We denote the solution of the equation
with respect to energy as K . Then we substitute the integration variables , µ with , ξ in Eq. (4), and after that we integrate over . As a result we have the integral only over the variable ξ :
where all the derivatives over energy are taken in the point K (ξ ).
Input functions
For the growth rate calculation we need to know the longitudinal structure of the poloidal Alfvén wave and the distribution function. The longitudinal structure of the Alfvén wave in an axi-symmetric magnetosphere is approximately described in the WKB approximation: (Leonovich and Mazur, 1993) , where a I , b I are magnetoconjugated points of the ionosphere, A is the Alfvén velocity, and τ A is the transit time with a local Alfvén velocity along the field line "there and back". Although the WKB solution is strictly valid for large N values, qualitatively, it also describes well the wave longitudinal structure for small N numbers considered in this paper. This function is normalized as
The Alfvén velocity is modeled by the expression (Leonovich and Mazur, 1993 )
where θ is the geomagnetic latitude, A 0 =10 3 km/s. We used the expression
as a distribution function. The most often observed unstable distributions associated with poloidal pulsations have proton energies of about 10 keV (Hughes et al., 1978 (Hughes et al., , 1979 Wright et al., 2001; Baddeley et al., 2002) . So, we put 0 =10 keV. For such energies, the inequality ω * /ω 1 holds in Eqs. (4 and 8). The amplitude f 0 =10 3 km −6 s 3 is also chosen in accordance with the observations. Henceforth we will assume =1 keV. L 0 and L can vary considerably as described below.
Bumps with higher energies of about 150 keV are also sometimes observed (e.g. Takahashi et al., 1990) . In this case, we take 0 =150 keV. For such values, the amplitude f 0 =10 km −6 s 3 and =10 keV. The ratio ω * /ω is more significant in this case than in the 0 =10 keV; nonetheless, we will not take this into account.
We omitted the pitch-angle dependency of the distribution function from the calculations, because the observed particle distributions are usually nearly isotropic. P. N. Mager and D. Yu. Klimushkin: Poloidal Alfvén waves generated by the drift-bounce resonance 3
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We used the expression
as a distribution function. The most often observed unstable distributions associated with poloidal pulsations have proton energies of about 10 keV (Hughes et al., 1978 (Hughes et al., , 1979 Wright et al., 2000 , Baddeley et al., 2002 . So, we put 0 = 10 keV . For such energies, the inequality ω * /ω 1 holds in Eqs. (4, 8) . The amplitude f 0 = 10 3 km −6 s 3 is chosen also in accordance with the observations. Henceforth we will assume ∆ = 1 keV . L 0 and ∆L can vary considerably as described below.
Bumps with higher energies about 150 keV are also sometimes observed (e.g., Takahashi et. al., 1990) . In this case, we take 0 = 150 keV . For such values, the amplitude f 0 = 10 km −6 s 3 and ∆ = 10 keV . The ratio ω * /ω is more significant in this case than in the 0 = 10 keV ; nonetheless, we will not take it into account.
We omitted the pitch-angle dependency of the distribution function from the calculations, because the observed particle distributions are usually nearly isotropic. Fig. 1 . Sketch of determination of the L and m values of the mode generated by the instability: a) determination of the mode localization region L0 from the drift-bounce resonance condition and dependence of the poloidal eigenfrequency ΩP on the radial coordinate; b) selection of m numbers generated by the instability: mL is a value determined on the selected L shell, and mtot is a total set of m-numbers in the whole wave localization region (the intersection of the regions determined by the resonance condition and ΩP (L) dependence, strip I, and the spatial localization of the energetic particle population, strip II).
3 Drift-bounce instability growth rate as a function of L and m
Formulation of the problem
Let us clarify the task mentioned at the end of the introduction. In this paper we study the spatial localization of poloidally-polarized Alfvén waves generated by the driftbounce instability in the magnetosphere. As it is seen from the equation (4), the instability growth rate for the given distribution function f ( , µ, L) and longitudinal wave structure F N depends on the wave frequency ω and azimuthal wave number m. In a two-dimensionally inhomogeneous magnetosphere, the frequency of poloidal Alfvén wave Ω P depends on the radial coordinate L (e.g., Leonovich and Mazur, 1993; Mager and Klimushkin, 2002) , hence the growth rate depends on L, and the mode located near a shell with a definite coordinate L res , as is shown in Fig. 1a . On the other hand, according to (1), ω depends on m, so different m will give Fig. 1 . Sketch of determination of the L and m values of the mode generated by the instability: (a) determination of the mode localization region L 0 from the drift-bounce resonance condition and dependence of the poloidal eigenfrequency P on the radial coordinate; (b) selection of m numbers generated by the instability: m L is a value determined on the selected L shell, and m tot is a total set of m-numbers in the whole wave localization region (the intersection of the regions determined by the resonance condition and P (L) dependence, strip I, and the spatial localization of the energetic particle population, strip II).
Let us clarify the task mentioned at the end of the Introduction. In this paper we study the spatial localization of poloidally-polarized Alfvén waves generated by the driftbounce instability in the magnetosphere. As it is seen from Eq. (4), the instability growth rate for the given distribution function f ( , µ, L) and longitudinal wave structure F N depends on the wave frequency ω and the azimuthal wave number m. In a two-dimensionally inhomogeneous magnetosphere, the frequency of the poloidal Alfvén wave P depends on the radial coordinate L (e.g. Leonovich and Mazur, 1993; Mager and Klimushkin, 2002) , hence the growth rate depends on L, and the mode located near a shell with a definite coordinate L res , as is shown in Fig. 1a . On the other hand, according to Eq. (1), ω depends on m, so different m will give different locations of the mode L res . Thus, the driftbounce resonance condition (DBRC) selects the most unstable region as a strip in the L-m plane (Fig. 1b) . The width of 4 P. N. Mager and D. Yu. Klimushkin: Poloidal Alfvén waves generated by the drift-bounce resonance Thick solid lines correspond to the growth rate maximum location, thin lines correspond to an e-times smaller growth rate than its maximal value. The shaded region corresponds to the observed values of azimuthal wave numbers −100 < m < 0. r and D. Yu. Klimushkin: Poloidal Alfvén waves generated by the drift-bounce resonance effective instability in L-m plane for various K and ∼ 10 keV : a) N = 1 case, b) N = 2 case. th rate maximum location, thin lines correspond to an e-times smaller growth rate than its maximal the observed values of azimuthal wave numbers −100 < m < 0.
ffective instability in L-m plane for various K and ∼ 150 keV : a) N = 1 case, b) N = 2 case. th rate maximum location, thin lines correspond to an e-times smaller growth rate than its maximal the observed values of azimuthal wave numbers −100 < m < 0. the strip is determined by the width of the distribution function f with respect to particle energy. It also determines the range of m values on a selected L shell (m L ). We are going to elucidate how narrow this strip is, and whether it varies more in the L or m direction. The dependence of the distribution function f on the radial coordinate L causes an additional γ (L) dependence. The location of the particle population forms yet another strip in the L-m plane. The region of the most efficient generation is situated on the intersection of those two strips (see Fig. 1b ). Thus, the f (L) dependence can assist the selection of a total set of azimuthal wave numbers m tot of the most unstable modes in the whole wave localization region (see Fig. 1b ).
Different bounce harmonics in the resonance condition Eq. (3) result in different DBRC strips in theL-m plane. If they are well isolated from each other, only some particular K numbers should be taken into account. Quite the reverse, if they are close to each other or intersect, summation over different K-numbers must be performed (Pilipenko et al., 1977) .
So, after calculation of the instability growth rate for the given distribution function is performed, we can determine the magnetic L-shells and the azimuthal wave numbers m on which the poloidal Alfvén waves are most efficiently generated.
Contribution of different bounce harmonics
As is seen from Eqs. (4-6), for odd longitudinal harmonics N =1, 3, .., odd bounce components (K=±1, ±3, ..) in the sum Eq. (3) are equal to zero, while for even harmonics N=2, 4, .., even bounce components (K=0, ±2, ..) are equal to zero (Southwood, 1980) . Energy in the integral Eq. (8) is determined by the ratio Eq. (7). The ratio Eq. (7) includes the quantities ω b andω d , depending on the energy and the integration variable ξ = sin α. For odd N , the largest contribution to the growth rate is made by particles always located near the equator, i.e. with pitch-angles close to π/2. For even N , in turn, the largest contribution is made by the particles traveling the largest distances between the turning points, which corresponds to the smallest pitch-angles α min (Southwood, 1980) :
, where L I is the radius of the ionosphere's external border in units of the Earth's radius, R E ; θ I is the geomagnetic latitude of the point where the magnetic field line crosses the top of the ionosphere. If we do not take into account the spatial localization of distribution function (f (L)=const), the growth rate is maximal with energy values eff corresponding to the function maximum ∂f/∂ . For our model distribution function Eq. (10), eff = 0 − / √ 2. Thus, substituting into Eq. (7) the energy quantity eff and the pitchangle α=π/2 for N =1 or α min for N =2, we can determine at which L-shells and with which m values the growth rate is the largest. The borders of region of the most effective instability are approximately determined from Eq. (7) for particle energies corresponding to the function ∂f/∂ values e-times smaller than its maximal value.
The most frequently observed poloidal oscillations are usually the first or the second longitudinal harmonics, N=1, 2. The DBRC regions are shown in Figs. 2a and 3a for N=1 and in Figs. 2b and 3b for N=2, as regions between thin solid lines. It is seen in Figs. 2 and 3 that the instability regions for different K values are mutually isolated. It means that in considering some region on the L-m diagram, only some selected K-values are essential.
Observed poloidal waves usually propagate westward (m<0), and have |m|-values from 50 to 100. For such Fig. 2 . Location of regions of the most effective instability in L-m plane for various K and ∼ 10 keV : a) N = 1 case, b) N = 2 case. Thick solid lines correspond to the growth rate maximum location, thin lines correspond to an e-times smaller growth rate than its maximal value. The shaded region corresponds to the observed values of azimuthal wave numbers −100 < m < 0. Thick solid lines correspond to the growth rate maximum location, thin lines correspond to an e-times smaller growth rate than its maximal value. The shaded region corresponds to the observed values of azimuthal wave numbers −100 < m < 0. m values and energies ∼10 keV, only components with K=0, 2 contribute to the growth rate for the fundamental standing harmonic (N =1), and components with K=1, 3 do the same for the second harmonic (N =2), because the components with K<0 for N =1 and with K<1 for N =2 are essential only for m<−100, and the components with K>2 for N =1 and with K>3 for N =2 are essential only for m>0. Moreover, the energetic particles with unstable distributions with (∂f/∂ >0) are observed in magnetospheric regions with L∼6−10 R E . It follows that for N =1 only the component K=0 (drift resonance) can contribute to the growth rate, and for N =2 the contribution can be made by the component K=1 (drift-bounce resonance). For the same reason, in the ∼150 keV case, for N =1, the contribution to the growth rate can be made only by the component with Let us now take into account the spatial inhomogeneity of the particle distribution, that is, the f (L) dependence. In the most interesting case the population is localized near those L−shells where the DBRC regions are situated (see Fig. 4a,b) . These regions are situated near L = 9 in the N = 1 case and near L = 6.5R E in the N = 2 case. Let the width of the localization region be 1 R E . So, in our model distribution function (10), we will assume L 0 = 9 for N = 1 and L 0 = 6.5R E for N = 2, ∆L = 0.5R E . As a result, the region of the most effective generation of poloidal Alfvén waves, gived the spatial inhomogeneity of the population (the shaded region in Fig. 4) , is located between the magnetic shells L = 8 − 9 for N = 1, and between L = 6 − 7 R E for N = 2, thus, m tot (azimuthal wave numbers m tot in the entire wave localization region) is enclosed in the interval from −100 to 0. It should be mentioned that poloidal waves can exist only with the values |m| 1 (Leonovich and Mazur, 1997; Klimushkin at al., 2004) , and that also limits the value of m and the instability region width on L. The maximum growth rate γ max is reached when L = 9 and m L = −50 ± 5 for N = 1, and for N = 2 when L = 6.5R E and m L = −40 ± 15.
The results of numerical calculation of the instability growth rate γ as a function of L and m are presented in Fig. 5 . The maximum growth rate for 10 keV is γ/ω = 2.4 · 10 for N = 1, and γ/ω = 2.2 · 10 −3 for N = 2. Note a slight difference between locations of instability regions shown in Fig. 5 (numerically calculated) and in Fig. 4 (analytically determined). It is mainly an apparent difference, because it is the ratio γ/ω that i quency ω itself stron
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Discussion
The width of the dis ticle energy is the cr ity growth rate, bec ω b frequencies depe these frequencies ap Let us now take into account the spatial inhomogeneity of the particle distribution, that is, the f (L) dependence. In the most interesting case the population is localized near those L−shells where the DBRC regions are situated (see Fig. 4a,b) . These regions are situated near L = 9 in the N = 1 case and near L = 6.5R E in the N = 2 case. Let the width of the localization region be 1 R E . So, in our model distribution function (10), we will assume L 0 = 9 for N = 1 and L 0 = 6.5R E for N = 2, ∆L = 0.5R E . As a result, the region of the most effective generation of poloidal Alfvén waves, gived the spatial inhomogeneity of the population (the shaded region in Fig. 4) , is located between the magnetic shells L = 8 − 9 for N = 1, and between L = 6 − 7 R E for N = 2, thus, m tot (azimuthal wave numbers m tot in the entire wave localization region) is enclosed in the interval from −100 to 0. It should be mentioned that poloidal waves can exist only with the values |m| 1 (Leonovich and Mazur, 1997; Klimushkin at al., 2004) , and that also limits the value of m and the instability region width on L.
The maximum growth rate γ max is reached when L = 9 and m L = −50 ± 5 for N = 1, and for N = 2 when L = 6.5R E and m L = −40 ± 15.
The results of numerical calculation of the instability growth rate γ as a function of L and m are presented in Fig. 5 . The maximum growth rate for 10 keV is γ/ω = 2.4 · 10 −1
for N = 1, and γ/ω = 2.2 · 10 −3 for N = 2. Note a slight difference between locations of instability regions shown in Fig. 5 (numerically calculated) and in Fig. 4 (analytically determined) . It is mainly an apparent difference, because it is the ratio γ/ω that is shown in Fig. 5 , where the eigenfrequency ω itself strongly depends on L.
The ∼ 150 keV case. The DBCR region is strongly localized across L shells as well as m for both N harmonics. The m L value is determined with accuracy ±2 for N = 1 and ±3 for N = 2. It must be noted, however, that such high accuracy is determined by the small ∆ value chosen in this paper. Putting in (10) the width ∆L = 0.5R E and the maximum location L 0 = 6.5 for N = 1 and L 0 = 8R E for N = 2, we find the location of the most unstable region (the shaded region in Fig. 6 ) for N = 1 between the magnetic shells L = 6 and 7 R E , and for N = 2 between L = 7.5 and 8.5 R E . Thus, m tot is confined in the interval −20 to −10 for N = 1 and −90 to −70 for N = 2. The maximum growth rate γ max is reached when L = 6.5 and m = −14 ± 2 for N = 1, and for N = 2 when L = 8R E and m = −78 ± 3.
The results of numerical calculation of γ(L, m) for energies 150 keV are presented in Fig. 7 . The largest value of the growth rate is γ/ω = 3·10
−2 for N = 1, and γ/ω = 2·10 for N = 2.
The width of the distribution function f with respect to particle energy is the crucial factor of the drift-bounce instability growth rate, because the values of drift ω d and bounce ω b frequencies depend on the energy . The variation of these frequencies appears to be quite narrow because of the Fig. 4 . Location of the regions of the most effective instability in L−m plane for ∼10 keV: (a) for K=0 and N=1,(b) for K=1 and N=1. Thick solid lines correspond to the growth rate maximum location, thin ones correspond to an e-times smaller growth rate than its maximal value. Shaded areas show regions of the most effective instability for the spatially inhomogeneous distribution. The solid horizontal line indicates the maximum of distribution function, the dotted lines indicates an e-times smaller value.
K=0 (drift resonance), and for N =2, by the component K=−1 (drift-bounce resonance).
γ =γ (L, m): qualitative considerations and numerical calculations
The ∼10 keV case. Figure 4 shows the important instability regions from Fig. 2 in more detail. For both N =1, 2 longitudinal harmonics, the DBRC region (region between thin solid lines in Fig. 4 ) appeared to be strongly localized across L shells: for a certain value of m their width is less than 0.5 R E . As this takes place, for N =1 the DBRC region in the L-m plane is strongly localized with respect to the azimuthal wave numbers: m L (the m-value at a certain L-shell)
is determined with a ±5 accuracy. On the contrary, for the often observed second harmonic (N =2) the localization with respect to m is weak: m L is defined with an uncertainty larger than 30; the DBRC region runs almost parallel to the m axis in the L-m plane. The weak m-dependence of the growth rate in the N =2 case is explained by the smallness of the term ω d in resonance condition Eq. (7), for the observed values of the wave period of ∼100 seconds, m-number from −50 to −100, and the proton energies of about 10 keV for K=1.
Let us now take into account the spatial inhomogeneity of the particle distribution, that is, the f (L) dependence. In the most interesting case the population is localized near those L−shells where the DBRC regions are situated (see Figs. 4a,  b) . These regions are situated near L=9 in the N =1 case and near L=6.5 R E in the N =2 case. Let the width of the localization region be 1 R E . So, in our model distribution function Eq. (10), we will assume L 0 =9 for N=1 and L 0 =6.5 R E for N =2, L=0.5 R E . As a result, the region of the most effective generation of poloidal Alfvén waves, given the spatial inhomogeneity of the population (the shaded region in Fig. 4) , is located between the magnetic shells L=8−9 for N =1, and between L=6−7 R E for N=2, thus, m tot (azimuthal wave numbers m tot in the entire wave localization region) is enclosed in the interval from −100 to 0. It should be mentioned that poloidal waves can exist only with the values |m| 1 (Leonovich and Mazur, 1997; Klimushkin et al., 2004) , and that also limits the value of m and the instability region width on L. The maximum growth rate γ max is reached when L=9 and m L =−50±5 for N =1, and for N =2 when L=6.5 R E and m L =−40±15.
The results of the numerical calculation of the instability growth rate γ , as a function of L and m, are presented in Fig. 5 . The maximum growth rate for 10 keV is γ /ω=2.4·10 −1 for N =1, and γ /ω=2.2·10 −3 for N =2. Note a slight difference between locations of the instability regions shown in Fig. 5 (numerically calculated) and in Fig. 4 (analytically determined). It is mainly an apparent difference, because it is the ratio γ /ω that is shown in Fig. 5 , where the eigenfrequency ω itself strongly depends on L.
The ∼150 keV case. The DBCR region is strongly localized across L shells, as well as m, for both N harmonics. The m L value is determined with an accuracy of ±2 for N =1 and of ±3 for N =2. It must be noted, however, that such a high accuracy is determined by the small value chosen in this paper. Inserting in Eq. (10) the width L=0.5 R E and the maximum location L 0 =6.5 for N =1 and L 0 =8 R E for N =2, we find the location of the most unstable region (the shaded region in Fig. 6 ) for N =1 between the magnetic shells L=6 and 7 R E , and for N=2 between L=7.5 and 8.5 R E . Thus, m tot is confined to the interval −20 to −10 for N=1 and −90 to −70 for N =2. The maximum growth rate γ max is reached when L=6.5 and m=−14±2 for N=1, and for N =2 when L=8 R E and m=−78±3.
The results of numerical calculation of γ (L, m) for energies 150 keV are presented in Fig. 7 . The largest value of the P. N. Mager and D. Yu. Klimushkin: Poloidal Alfvén waves generated by the drift-bo growth rate is γ /ω=3·10 −2 for N =1, and γ /ω=2·10 −3 for N=2.
Discussion
The width of the distribution function f with respect to particle energy is the crucial factor of the drift-bounce instability growth rate, because the values of drift ω d and bounce ω b frequencies depend on the energy . The variation of these frequencies appears to be quite narrow because of the small width of the function f ( ). Consequently, the wave frequency range (with fixed m and K) which satisfies the resonance condition Eq. (7) is also quite narrow. On the other hand, the eigenfrequency of standing Alfvén waves depends on the radial coordinate L. Thus, the condition of the driftbounce resonance can be satisfied in the vicinity of a certain L-shell. Moreover, there is another factor, namely, the beam localization in the magnetosphere. The highest growth rate takes place when these two factors select the same L Fig. 5 . Numerically calculated growth rate dependency γ/ω on radial coordinate L and azimuthal wave number m for 0 = 10 keV : a) in N = 1 case, b) in N = 2 case. Dotted line corresponds to the zero growth rate, γ = 0. rate dependency γ/ω on radial coordinate L and azimuthal wave number m for 0 = 10 keV : a) in line corresponds to the zero growth rate, γ = 0.
ost effective instability in L-m plane for ∼ 150 keV : a) for K = −2 and N = 1, b) for K = −1 ond to the growth rate maximum location, thin lines correspond to an e-times smaller growth rate how regions of the most effective instability for the spatially inhomogeneous distribution. The solid of distribution function, the dotted lines indicates an e-times smaller value. Fig. 6 . Location of the regions of the most effective instability in L−m plane for ∼150 keV: (a) for K=−2 and N=1, (b) for K=−1 and N =2. Thick solid lines correspond to the growth rate maximum location, thin lines correspond to an e-times smaller growth rate than its maximal value. Shaded areas show regions of the most effective instability for the spatially inhomogeneous distribution. The solid horizontal line indicates the maximum of distribution function, the dotted lines indicates an e-times smaller value.
shells. For the particles with energies ∼10 keV and waves with |m|∼50−100, the beam should be located near the magnetic shell with L=6.5 for the second longitudinal harmonic (N=2) and L=9 for the fundamental one (N =1). For particles with energies ∼150 keV it is L=8 for N =2 and L=6.5 for N=1.
As it is seen from our analytical and numerical calculations, the localization width is less than 1 R E . This can explain the narrow localization of the observed poloidal pulsation. For example, Engebretson et al. (1992) found that poloidal wave events observed in situ are strongly localized across the magnetic shells (scale of 1 R E ). On the other hand, other explanations exist. Poloidally polarized waves can be enclosed in the resonator in magnetospheric regions where the function P (L) has a local extremum (e.g. Vetoulis and small width of the function f ( ). Consequently, the wave frequency range (with fixed m and K), satisfying the resonance condition (7) is also quite narrow. On the other hand, the eigenfrequency of standing Alfvén waves depends on the radial coordinate L. Thus, the condition of driftbounce resonance can be satisfied in the vicinity of certain L-shell. Moreover, there is another factor, namely, the beam localization in the magnetosphere. The highest growth rate takes place when these two factors select the same L shells. For the particles with energies ∼ 10 keV and waves with |m| ∼ 50 − 100, the beam should be located near magnetic shell with L = 6.5 for the second longitudinal harmonic (N = 2) and L = 9 for the fundamental one (N = 1). For particles with energies ∼ 150 keV it is L = 8 for N = 2 and L = 6.5 for N = 1.
As it is seen from our analytical and numerical calculations, the localization width is less than 1 R E . This can explain the narrow localization of the observed poloidal pulsation. For example, Engebretson et al. (1992) found that poloidal wave events observed in situ are strongly localized across the magnetic shells (scale of 1 R E ). On the other hand, other explanations exist. Poloidally polarized waves can be enclosed in the resonator in magnetospheric regions where the function Ω P (L) has a local extremum (e.g., Vetoulis and Chen, 1996; Klimushkin et al., 2004) , which has some experimental support (Denton et al., 2003) . The resonator width is also 1 R E . Outside such extreme regions, a high-m wave propagates across L-shells, changing its polarization from poloidal to toroidal (Leonovich and Mazur, 1993) ; but if the damping rate on the ionosphere is much larger than the instability growth rate, then the wave is attenuated rermaining poloidally polarized (Klimushkin, 2000) , and also will be ob narrow range of L v
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As it is seen from our analytical and numerical calculations, the localization width is less than 1 R E . This can explain the narrow localization of the observed poloidal pulsation. For example, Engebretson et al. (1992) found that poloidal wave events observed in situ are strongly localized across the magnetic shells (scale of 1 R E ). On the other hand, other explanations exist. Poloidally polarized waves can be enclosed in the resonator in magnetospheric regions where the function Ω P (L) has a local extremum (e.g., Vetoulis and Chen, 1996; Klimushkin et al., 2004) , which has some experimental support (Denton et al., 2003) . The resonator width is also 1 R E . Outside such extreme regions, a high-m wave propagates across L-shells, changing its polarization from poloidal to toroidal (Leonovich and Mazur, 1993) ; but if the damping rate on the ionosphere is much larger than the instability growth rate, then the wave is attenuated rermaining poloidally polarized (Klimushkin, 2000) , and also will be observed as a poloidal wave localized in a narrow range of L values.
The next important issue is the γ(m) dependence. As it was mentioned in the Introduction, a comparison of the instability theory with the observations tacitly implies that m is a well defined value, and the γ(m) dependence is very sharp and narrow, like a delta-function. Our calculations show, however, that the drift-bounce instability practically does not single out a particular value of m. It is especially evident for the oscillations with N = 2, generated by 10 keV particles (the most often observed harmonic and the most often suggested energy): m L can be determined with accuracy ±15, and m tot > −100 can be generated. We used quite a narrow distribution function in our calculations: ∆ ∼ 2 keV ; for wider distributions, the azimuthal wave number will be determined with even smaller accuracy. Thus, the usual case for the drift-bounce instability as a generation mechanism of poloidally-polarized pulsations Pc4 and Pg (which are often identified with the second longitudinal harmonic, N = 2) loses its meaning.
There are additional limitations on the m number that follow from the fact that the condition |m| 1 is necessary, but not sufficient for the poloidal polarization of the wave (Klimushkin et al., 2004) . Even the values as high as |m| 40 can be not high enough for the poloidal polarization. In order to increase the |m| number of the mode generated by the instability, the beam of energetic particles must move closer to Earth. But in this case additional constraints arise, because particles usually cannot penetrate into the plasmasphere. Due to a large number of these limitations, some doubts are cast upon the possibility of those 10 keV populations to generate poloidal pulsations. Anyway, the corridor Fig. 7 . Numerically calculated growth rate dependency γ /ω on radial coordinate L and azimuthal wave number m for 0 =150 keV: (a) in N=1 case, (a) in N=2 case. Chen, 1996; Klimushkin et al., 2004) , which has some experimental support (Denton et al., 2003) . The resonator width is also 1 R E . Outside such extreme regions, a high-m wave propagates across L-shells, changing its polarization from poloidal to toroidal (Leonovich and Mazur, 1993) ; but if the damping rate on the ionosphere is much larger than the instability growth rate, then the wave is attenuated, remaining poloidally polarized (Klimushkin, 2000) , and also will be observed as a poloidal wave localized in a narrow range of L values.
The next important issue is the γ (m) dependence. As it was mentioned in the Introduction, a comparison of the instability theory with the observations tacitly implies that m is a well-defined value, and the γ (m) dependence is very sharp and narrow, like a delta-function. Our calculations show, however, that the drift-bounce instability practically does not single out a particular value of m. It is especially evident for the oscillations with N =2, generated by 10 keV particles (the most often observed harmonic and the most often suggested energy): m L can be determined with an accuracy of ±15, and m tot >−100 can be generated. We used quite a narrow distribution function in our calculations: ∼2 keV; for wider distributions, the azimuthal wave number will be determined with an even smaller accuracy. Thus, the usual case for the drift-bounce instability as a generation mechanism of poloidally-polarized pulsations Pc4 and Pg (which are often identified with the second longitudinal harmonic, N =2) loses its meaning.
There are additional limitations on the m number that follow from the fact that the condition |m| 1 is necessary, but not sufficient for the poloidal polarization of the wave (Klimushkin et al., 2004) . Even the values as high as |m| 40 can be not high enough for the poloidal polarization. In order to increase the |m| number of the mode generated by the instability, the beam of energetic particles must move closer to Earth. But in this case additional constraints arise, because particles usually cannot penetrate into the plasmasphere. Due to a large number of these limitations, some doubts are cast upon the possibility of those 10 keV populations to generate poloidal pulsations. Anyway, the corridor of possibilities is rather narrow.
For the fundamental harmonic of poloidal oscillations (N=1), the azimuthal wave number m can be determined with greater accuracy: for the distribution function with =10 keV, m L is determined with the accuracy of ±5 and m tot with the accuracy of ±10, but the region of their localization with observed values |m|∼50−100 is located in the distant part of the magnetosphere with L>9 R E .
If pulsations are excited by higher energy distributions, like protons with ∼150 keV considered here, the situation is almost the same. The second harmonic can have m tot values from −90 to −70, though m L is determined with the accuracy ±3. These oscillations can have reasonable m values only if particles are localized near L 8. In the vicinity of the geosynchronous orbit, such particles will generate waves with |m|>100. It should be noted that the results are sensitive to the dependence of the Alfvén velocity on the radial coordinate. A weaker A(L) dependence than discussed in our paper will result in increasing the |m| number of the generated wave on the same magnetic shell, and a stronger one will do the opposite.
In the N =1 case, the instability region is situated in the vicinity of the geosynchronous orbit (Figs. 6a and 7a ), but only rather low-m oscillations (m tot ∼−15±5) will be generated there. Such m values are not large enough for waves to be poloidally polarized (Klimushkin et al., 2004) . Though such factors as finite plasma pressure, transverse and longitudinal equilibrium current can provide more possibilities for moderately-high-m poloidal waves to exist (Klimushkin et al., 2004; Klimushkin and Mager, 2004a) .
Thus, drift-bounce instability hardly explains the observed values of |m|. Moreover, there are problems with the explanation of the azimuthal wave number sign. For example, as is seen from Fig. 2b , 10 keV particles can generate the second standing harmonic with m>0: near L 7.5 R E for K=1. This also is true for 150 keV particles (see Fig. 3b) . Thus, the drift-bounce instability cannot explain the fact that observed poloidal Alfvén waves usually (though not always) have negative m values, propagating in the direction of the positive ions drift.
The values of the growth rate are γ /ω∼10 −1 −10 −2 for N=1 and γ /ω∼10 −3 for N=2. These values are calculated using realistic densities of the energetic particles, in agreement with the observed values. We used rather sharp functions f ( ), broader (perhaps, more realistic) distributions will give even smaller growth rates. The instability can be an effective generation mechanism if the growth rate is substantially larger than the damping rate on the ionosphere, which is typically 10 or 100 times smaller than the wave frequency. Hence, some doubts are cast upon the capability of the instability to overcome the attenuation on the ionosphere.
Conclusions
First, let us describe the methodological approach of this work.
(i) The way in which drift-bounce instability defines localization of poloidal Alfvén oscillations across magnetic shells is found. The wave frequency is determined from the resonance condition ω − mω d − Kω b =0. As this takes place, the frequency of the generated wave ω must coincide with the poloidal eigenfrequency, which is a function of the radial coordinate. Further, ω d and ω b depend on the particle energy, hence the range of L shells of generated waves is determined by the width of the distribution function with respect to energy.
(ii) The distribution function also determines azimuthal wave numbers of generated oscillations. First, since the azimuthal wave number is involved in the resonance condition, the radial coordinate of the generated pulsations is a function of m. So, if L is fixed, the range of the azimuthal wave numbers is ultimately determined by the width of the function f ( ). Then, waves must be generated on those magnetic L shells where the particles are located. By this means, azimuthal wave numbers of the pulsation in the whole localization region are determined.
Let us describe the main results of our work.
1. It has been found that the function f ( ) itself determines the location and width of the generation region of poloidal Alfvén waves. If particles with energies ∼10 keV are responsible for the excitation, the waves with reasonable m values have L 8 R E (the fundamental longitudinal harmonic, N=1) or L 6.5 R E (the second harmonic, N =2 -the most often observed case). For energies ∼150 keV, the waves are situated near L 6.5 R E (N =1 case) or L 8 R E (N=2 case). The width of the localization region is about 1 Earth radius in each case. This is in agreement with an observed narrow localization of the poloidal pulsations (Takahashi, 1988 (Takahashi, , 1996 Engebretson et al., 1992) . However, there are other explanations of this phenomenon.
2. The predicted azimuthal wave numbers are presented in the following:
Here m tot and m L are the azimuthal wave numbers in the entire wave localization region and on the L shell where the growth rate reaches its maximum value, respectively. As we see, for the most often observed second longitudinal harmonic, the drift-bounce instability does not select any definite value of the azimuthal wave number m. The situation is a little better for 150 keV particles than for the 10 keV particles, especially if the waves on a fixed L shell are considered, but it is not clear as to whether it has more sense than m in the entire wave localization region. Anyway, the usual argumentation employed in the comparison of the theory with the experiments is invalid, since it tacitly assumes that m is well defined by the drift-bounce resonance condition. Observations often give higher accuracy, ±5 (e.g. Glassmeier et al., 1999; Wright et al., 2001; Baddeley et al., 2002) . This raises the questions: What determines the azimuthal wave number in the most characteristic case (N =2)? Is the error in the m determination due to measurement or due to the wave nature? Is m experimentally determined on some selected L shell or in the entire wave localization region?
Moreover, the instability in both the 10 keV and 150 keV cases can generate waves of both signs of m, whereas the majority of observed poloidal waves have negative signs.
3. Growth rates are calculated for different particle energies and longitudinal wave numbers using realistic particle densities. The results are γ /ω∼10 −1 −10 −2 for N =1 and γ /ω∼10 −3 for N =2. It is the same order of magnitude as the damping rate on the ionosphere. Hence, it is not clear whether the instability can overcome the attenuation.
It should also be added that poloidal modes in the magnetosphere quickly transform into toroidal modes (Leonovich and Mazur, 1993, 1997; Klimushkin et al., 2004) . If the instability condition is satisfied for the time of the transformation, then the toroidal rather than the poloidal amplitude increases (Klimushkin, 2000; Klimushkin and Mager, 2004b) .
Thus, drift-bounce instability as a generation mechanism produces more questions than answers. It means that other generation mechanisms can be suggested. In particular, an azimuthally drifting cloud of substorm-injected particles can be a direct driver of the wave, as it represents a current that serves as a right-hand side of the wave equation, as was first proposed by Zolotukhina (1974) and Gul'elmi and Zolotukhina (1980) .
